The activity of y-glutamyl-transpeptidase was determined serially in patients with acute myocardial infarction up to 32 days after the onset of chest pain. Peak enzyme activity was found in all patients between the eighth and eleventh day after infarction. Some patients showed a rise in serum activity 48 hr after infarction.
GTP) in patients following myocardial infarction. In contrast to the above-mentioned enzymes, y-GTP appeared to reach maximum activity about the tenth day after coronary artery occlusion. This might be of considerable importance in the diagnosis of myocardial infarction at that late stage.
The purpose of this study was to examine the correlation between the serum changes in the activity of y-GTP in patients with acute myocardial infarction and the corresponding changes in the activity of this enzyme in necrotic cardiac muscle of dogs with experimental myocardial infarction.
Methods Serum y-GTP activity was determined by a method described by Orlowski and Szewczuk.6 7 The synthetic compound y-glutamyl-,8-naphthylamine was used as a substrate and p-naphthylamine liberated during enzyme-incubation was determined after diazotation and conversion to an azo-dye by modification of the Bratton-Marshall 693 6RVAVENS ET AL. ,umoles /ml Figure 1 Calibration curve of y-naphthylamine. Optical density of the azo-dye measured at 578 mAt wavelength.
procedure.8' 9 The amount of fl-naphthylamine was calculated from a standard curve ( fig. 1) . A unit of enzyme activity is defined as follows: The relationship between serum enzyme concentration and color development in the assay.
subsequently placed into a water bath at 37 C. The optical density of the developing azo-dye reached its maximal intensity after 1 In the experiments with dogs, myocardial infarction was produced in 33 mongrel dogs by ligation of several branches of the left circumflex and descending coronary arteries, as described previously.10 The dogs were sacrificed at different intervals up to 10 days after the operation.
The heart was quickly removed under barbital anesthesia, placed on crushed ice, and the coronary arteries were perfused for a short period with buffered 0.25 M sucrose solution (pH 7.4) to Circulation, Volume XXXIX, May 1969 cleanse the vessels of blood. A piece of necrotic tissue from the infarcted area of the left ventricular wall and a piece of muscle from the nonischemic septum were cut off and weighed (normally between 5 and 8 g). The tissue was minced and homogenized in a Waring blender (for 45 sec) in a solution of 0.25 M sucrose buffered to pH 7.4 with 0.1 M Tris buffer to give a 1:10 dilution of the homogenate. The y-GTP was estimated in two fractions of the heart muscle homogenate, in other words, the free and particlebound activity. The homogenate was prepared at 4 C in a cold room. The homogenate was centrifuged at 1,000 X g in order to remove all cell debris and myofibrils. The supernatant was centrifuged at 15,000 x g. The supernatant was called "S-fraction" and the activities of the soluble enzyme were determined in this fraction. The resuspended precipitate of this centrifugation contained the particle-bound enzyme. This fraction was thawed and frozen eight to 10 times in order to release the enzyme from the particles. The fractionation was performed in a SpincoBeckman ultracentrifuge M2. The enzyme activities were determined on the day of preparation. The assay for estimating the y-GTP in these fractions was the same as described for human serum. The protein concentration of the enzyme solution did vary between 1.2 mg/ml and 0.8 mg/ml. The relationship between enzyme activity and enzyme-concentration or pH was established for both fractions and confirmed the reproducibility of this enzyme assay. The y-GTP activity in the fractions of the septum from all animals served as control.
Results Patients
The patients with acute myocardial infarction examined in this study are listed in table 1. All patients suffered from severe chest pain prior to admission to the hospital. All had electrocardiographic changes typical of myocardial infarction. There were eight anterior, six posterior, and seven inferior wall infarctions. One patient had a subendocardial wall infarction. The serum activity of glutamateoxaloacetate-transaminase (GOT) and lactatedehydrogenase (LDH') showed an increase during the first 48 hr after the acute onset of severe chest pain. The serum activities of these enzymes decreased quickly on subsequent days. After 5 to 7 days the enzyme activities had declined to normal levels in most patients. One patient (P. R.) had high enzyme values even after 10 days. Patient J. C. had another rise in serum enzyme activities after 10 days, which was considered to be due to reinfarction. Two patients had severe congestive heart failure in the early stage after the myocardial infarction (N.A. and R.E., table 1).
The activity of y-GTP in serum of normal individuals without myocardial infarction was 19.3 + 3.6 units ( fig. 3) . A marked rise in the serum activity of y-GTP was seen in 12 patients during the first 48 hr after admission ( fig. 3 ). There was no evidence that these patients had experienced another episode of severe chest pain several days before hospital admission. Figures 3 and 4 show that 4 days after coronary occlusion, a further rise in the activity of y-GTP occurred in the serum of all patients, regardless of whether they had an initial increase in serum levels; maximum activity was observed between the eighth and eleventh days after coronary occlusion (average, 10 days). Thereafter the enzyme activity declined gradually in the serum. Nine patients had values two to fourfold higher than normal even after 20 days. In two patients, (J. C. and J. S., table 1), we could detect elevated serum activity even after 32 days. In two patients (R. E. and N. A., table 1), with severe congestive heart failure and palpable liver, an initial increase of the y-GTP activity was followed by a slight decrease which coincided with clinical improvement of heart * -P (.001l The different patterns of the changes in the se activity of LDH, GOT, and y-GTP in patients acute myocardial infarction.
'GTP in the left ventricular muscle was on the aver-200 age slightly higher than in the septum, but this difference was not statistically significant (table 2) . As shown in figure 6 and of particle-bound y-GTP was fourfold higher in the infarcted area than in the control tissue. Two to six days after coronary occlusion, the particle-bound activity in the infarcted area increased at a relatively slow rate followed by a rapid rise in activity. Ten days after coronary artery occlusion the activity of yrum GTP had increased ten fold in the necrotic with area compared to the normal tissue ( fig. 6 ).
failure. Thereafter the typical late elevation with maximum activity about the tenth day after myocardial infarction was observed ( fig.  5) . No correlation could be seen between the increase of serum y-GTP levels and the patient's age, sex, or the localization of myocardial necrosis. There was also no correlation between the duration of chest pain and the supposed extent of the area of myocardial infarction.
Experimental Animals
The changes in activity of free and particlebound y-GTP in the homogenate of canine myocardiums following coronary occlusion are illustrated in figure 6 . The activity of free, nonparticle-bound y-GTP (S-fraction) was 0.18 x 10-2 ± 0.03 x 10-2 units in noninfarcted muscle. The particle-bound enzyme activity was 0.38 x 102 + 0.1 x 10-2 units which was statistically significantly higher (table 2) . These values were determined in the nonischemic septum of dogs with myocardial infarction. In a control study, the y-GTP activity in the septum was compared to that of the normal left ventricular muscle. The y-GTP activity Changes in the serum activity of LDH, GOT, and 'y-GTP in acute myocardial infarction with heart failure and liver enlargement (patient N.A.). The initial high 'y-GTP activity declined temporarily after clinical improvement of heart failure. The serum activity of y-GTP could not be related to the tissue levels of heart muscle in these dogs with surgical myocardial infarction; this is because of the extensive thoracotomy wound and tissue damage which also cause a rise in serum activity of the enzyme.
Discussion
This study correlated the serum activity of y-glutamyl-transpeptidase (y-GTP) with the clinical course of acute myocardial infarction. In addition, the behavior of y-GTP activity in the homogenate of the myocardium of dogs with experimental myocardial infarction was studied.
Our normal values of y-GTP activity in serum as well as the range of the increase of enzyme activity after myocardial infarction are in agreement with the data reported by Agostoni and associates4 and Hedworth-Wbitty and co-workers.5 Direct comparison with the work of Goldberg's group9 is not possible because of the different substrate, N(DL-Xglutamyl) aniline, used. The changes in serum y-GTP activity in patients with acute myocardial infarction differ markedly from those observed in serum lactate-dehydrogenase (LDH) and glutamate-oxaloacetate-transaminase (GOT) which reach a maximum during the first few days after infaretion." 2 In acute myocardial infarction, the activity of y-GTP increased slowly reaching maxmum activity 10 days after the onset of chest pain ( fig. 7) followed by electrocardiographic changes, compatible with myocardial necrosis. About 50% of our patients showed a considerable rise of serum enzyme activity during the first 48 hr after the acute event. This observation is in accord with the findings of Hedworth-Whitty and associates.5 On the other hand, Agostoni and co-workers4 found no increase of y-GTP activity in the first 4 days after acute myocardial infarction. It is likely that this early increase might be due in part to enzyme release from the liver, which is known to contain high amounts of y-GTlP.", Activity of free and particle-bound -y-GTP in the infarcted heart muscle of dogs with experimental myocardial infarction.
It could be demonstrated in two patients ( fig.  5 ) with initial heart failure and liver engorgement that after clinical improvement of cardiac performance, the enzyme values declined temporarily, followed by the usual rise of y-GTP activity about the tenth day after onset of myocardial infarction.
Goldberg's group9 reported high serum activity of y-GTP in several diseases, such as neoplastic hepatobiliary tract and pancreatic disorders. Villa and associates" and Szczeklik and co-workers'2 made similar observations in liver diseases. Our preliminary data indicate that sequential determination of changes in y-GTP activity in serum of patients with acute myocardial infarction may detect maximal activity 10 days after the onset of myocardial necrosis.
The changes in the activity of y-GTP in the serum of patients with myocardial infarction can be explained by the reported alterations in the activity of y-GTP in necrotic heart muscle of animals with experimental myocardial infarction. As demonstrated in figure 6 , there is an early rise of free y-GTP which is probably due to a release of particle-bound enzymes into the cytoplasmic compartments of the myocardial cell. This is reflected by a temporary decrease in the activity of the particle-bound enzyme in the heart muscle 1 day after coronary occlusion. Thereafter the particle-bound enzyme increases continuously. It is possible that the decrease of free enzyme activity in heart muscle after 4 days is due to a washout of soluble enzyme, whereas the particle-bound fraction is not released. This would explain the late increase of y-GTP in serum of patients with myocardial infarction.
The results show that most of the y-GTP is particle bound and can be released by conditions which destroy or damage subcellular particle membranes of the lysosomes;'3 the enzyme y-GTP appears to belong to the lysosomal enzymes. Most of these are acid hydrolases bound to subcellular organelles. '3, 14 The enzyme y-GTP does not The changes in the activity of acid phosphatase reported by Ricciutti's group'8 during the early phase of myocardial infarction are similar to the changes of y-GTP activity found in this study.
The subsequent late increase in particlebound y-GTP might be attributed to the infiltration of leukocytes followed by proliferation of mesenchymal cells. These cells are rich in lysosomes19 20 and have an important function in the removal of necrotic muscle and tissue repair.
The changes in serum y-GTP in acute myocardial infarction reported in this study characterize y-GTP as an enzyme which reflects the reactive reparative processes in necrotic myocardium, in contrast to the enzymes (LDH and GOT), which indicate acute myocardial cell necrosis.
